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(71) We, Fisons Limited, a British 
Company, of Fison House, 9 Grosvenor 
Street, London, W.l do hereby declare .the 
invention, for. which we pray that a patent 
5 may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following 
statement : 

The present invention relates to a process 

10 for prilling a molten substance. 

It has been common practice to form 
solid particles from a molten material by 
allowing droplets of the material to fall 
down a void tower up which a stream of 

15 cooling gas is flowing. However, this pro- 
cess requires the use of a very tall tower if 
the droplets are to be sufficiently solidified 
to remain intact upon hitting the base of 
the tower. 

20 We have now found that if a suspension 
of drops of a material which volatilises on 
contact with the molten droplets is caused 
to flow countercurrent to the molten drop- 
lets, then the height of the prilling tower 

25 required may be reduecd. Surprisingly, 
little or none of the volatile component is 
retained by the molten droplets and the 
product may therefore be produced sub- 
stantially free from contamination and, 

30 where the volatile component is water, not 
significantly more moist than prills obtained 
by conventional air prilling techniques, even 
when the product is not subsequently dried. 
Accordingly, the present invention pro- 

35 vides a process for prilling a molten 
material which process comprises causing 
droplets of the molten material to travel 
against a countercurrent flow of drops of 
a material which volatilises on contact with 

40 the molten material suspended in a carrier 
gas stream which is saturated with respect 
to the volatile material, and collecting the 
resulting solid skinned droplets. 
The process is preferably carried out in 

45 a vertical tower by causing the molten 



droplets to fall down the tower with the 
suspension of volatile drops passing up the 
tower. For convenience, the invention will 
be described in relation to operation in a 
vertical tower although it will be appre- 50 
ciated that other orientations may be used, 
e.g. horizontal injection into a void 
chamber. 

The material which is to be volatilised 
is a liquid which has a boiling point under 55 
the conditions of use which is below the 
melting point of the molten droplets. 
Desirably, the volatile material is one with 
a high latent heat of vapourisation and a 
high specific heat so that the maximum 60 
amount of heat is removed from the molten 
droplet as it passes through the suspension 
of drops. The volatile material need not 
be inert to the molten material, but may 
comprise an ingredient which it is desirable 65 
to incorporate into the solidified droplet, 
e.g. to enhance its thermal stability or anti- 
caking properties. 

Suitable volatile materials for present use 
include water and organic liquids, such as 70 
a low boiling alcohol, ketone or halogen- 
ated hydrocarbon. If desired, the volatile 
material may be a solution of a substance 
in water or an organic solvent, the solute 
being a substance which it is desired to in- 75 
corporate into the solidified droplet. 

The suspension of drops is conveniently 
formed by spraying the volatile material 
under pressure with or without a carrier 
gas into the prilling tower to form a mist 80 
or aerosol of drops in the carrier gas which 
carries the drops up the tower. If need be, 
supplementary carrier gas may be added 
separately, although we have found that the 
spraying operation usually draws sufficient 85 
gas into the tower for it to be unnecessary 
to provide separate means for feeding 
secondary gas to the tower. A convenient 
method for forming the suspension of drops 
in the tower is to spray liquid into the basal 90 
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portion of the tower by means of jets loc- 
ated around the circumference of the tower 
and directed up the tower. If desired the 
_ jets may also be included tangentially to 
o the tower so as to impart a swirl to the sus- 
pension formed within the tower. 

The gas used to carry or suspend the 
drops of volatile material in the tower is 
usually air, although other gases such as 
iu nitrogen or carbon dioxide may be used as 
appropriate. 

The material to be prilled may be 
selected from a wide range of fusible 
materials. However, the process of the 
15 invention is of especial use in the prilling 
of sulphur and fertilizer materials such as 
ammonium nitrate, ammonium sulphate 
nitrate, ammonium phosphate, mixtures of 
ammonium nitrate with for example mono- 
°ui -j ammonium phosphate, potassium 
chlonde or magnesium nitrate, with or 
without other materials, potassium phos- 
phate, potassium nitrate, sodium nitrate, 
and mixtures of any of these. The process 
25 is most particularly suited to the prilling 
of molten sulphur, molten urea and molten 
mixtures of urea. Other materials which 
may be pnlled by the present process in- 
m 5 • aikaIi - inetal hydroxides. It is usually 
30 desired that the molten droplets contain an 
initial water content of not more than 10% 
by weight 09 
In the process of the invention, droplets 
of the molten material are formed in any 
35 convenient manner, e.g. by the use of a 
spinning basket prilling head, by spraying 
the molten material, or allowing the molten 
material to flow through a plurality of fine 
apertures in the base of a rainmaker prilling 
-w head, to form droplets of the desired size 
raBge ; ? om 0 5 to 4 ™ns. The droplets 
then fall through a zone containing drops at 
volatile material suspended in a gas stream 
flowing countercurrent to the falling molten 
45 droplets. As they fall through the suspen- 
sion, the molten droplets collide with the 
drops of the volatile material and heat is 
removed from the molten material. It is 
therefore desirable to ensure that the maxi- 
M) mum number of collisions between the 
molten material droplets and the volatile 
drops take place. This may be achieved by 
Ejecting volatile material into the tower at 
a high rate. However, the upper limit of 
rate of injection of the volatile material is 
dictated by the load of suspended droplets 
which the gas stream flowing up the tower 
can carry. Whilst the load carried by the 
gas stream can be increased by increasing 
60 he linear flow rate of the gas up the tower; 
ttie linear flow rate must not exceed the 
terminal velocity of the molten droplets 
being pnlled into the tower. We therefore 
prefer to use linear gas flow rates in the 
03 tower of not more than 10 metres per 



second. On the other hand, high gas flow 
rates require expensve pumping installa- 
tions and from an economic standpoint it 
is preferred to use low linear gas flow rates. 
However, a minimum flow rate is set by 70 
the terminal velocity of the drops of the 
volatile material which velocity must be 
equalled or exceeded if the drops are to be 
suspended in the gas stream. We therefore 
?u J? w Iinear &* s flow rates of more 75 
than 0.1 metres per second in the tower. 
Whilst it will be appreciated that the load- 
ing of the gas stream and its velocity can 
be varied to suit a given case, it is essential 
that the gas stream be saturated with respect 80 
to the volatile material in order that drops 
of the volatile material may exist This 
saturation requirement applies to that part 
of the tower in which the suspension of 
drops is to flow and need not hold true 85 
for other parts of the tower. In practice it 
is sufficient to ensure that sufficient vola- 
tile material is injected into the tower to 
supersaturate the total volume of gas being 
injected into the tower. Whilst the dew 90 
point of the gas stream may vary with tem- 
perature, we have found that local fluctua- 
tions in temperature within the tower do 
not significantly affect successful operation 
of the process and for the purposes of this 95 
invention, saturation denotes the overall 
notional state of the gas when at the tem- 
at which it leaves the tower. 
Whilst it would be thought desirable to 
achieve total cooling and solidification of 100 
the molten droplets as they pass through 
the suspension of volatile drops, this is 
usually not necessary in that droplets which 
have been solidified to 60% or less by 
weight are usually sufficiently strong to be 105 
subjected to conventional handling and pro- 
cessing techniques. Furthermore, the 

H™w h ^ ,n th * P^ally solidified 
droplets aids removal of any volatile 
S remaining thereon and it may be no 

?he^ 

The residence time of the molten drop- 
lets in the suspension of volatile drops will 
also affect the extent of solidification. It 115 
will usually be preferred to limit the height 
of the suspension zone in the tower to less 
than 15 metres, e.g. 2 to 10 metres. It is 
also preferred that the suspension zone 
does not extend right up to the means by 120 
which the molten droplets are formed and 
it is usually desirable to remove die gas 
stream 0.4 to 2 metres below the means so 
as to leave a dear zone at the top of the 
tower. It is also preferred that the suspen- 125 
si™ zone does n °t extend right to the base 
of the tower in order that at least some of 
the excess volatile material which may 
remain on the surface of the partially solidi- 
fied molten droplets is evaporated off by 130 
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the residual heat still retained by the par- 
tially solidified molten droplet. To this end 
it will usually be desired to inject the vola- 
tile material some way up the tower so as to 
5 leave a clear zone, e. g : 1 to 8 metres deep, 
below the suspension zone. 

In view of the inter-relationships outlined 
above it is not possible to give concise con- 
in u?i J"^ 1 which prilling tower 
10 should be operated. However, in general- 
the molten droplets will have an initial tem'- 

p ^52F e fl" 1 above * e & 2-10°C above, their 
solidification temperature (although tem- 
peratures as much as 40°C above the solidi- 
13 fication pomt may be used in the case of 
sulphur and high melting materials): the 
molten droplets will be approximately the 
same size as that desired for the final pro- 

20 ^1*5? depth of - zone » ^ ^er in 
which the suspension flows and the amount 
of volatile material carried by the eas 
stream are such that at least 10%, prefer- 
ably about 30%, of each molten droplet 
sondifies as it passes through the suspen- 
ds s ,on of volatile drops; the drops of volatile 
material injected into the tower win have an 
initial average size in the range 1 to 500. 
e.g. 20-100, micrometres (although it will 
be appreciated that the drops may chaise 

30 m siffi m the tower); and the gas flow rate 
will be between 0.10 to 10, preferably 0.45 
to 6, metres per second. 

After they have fallen through the sus- 
pension of drops, the molten droplets will 

35 be partially or wholly solidified as indicated 
above. These droplets are recovered from 
the polling tower by any suitable method 
and may be given a further cooling and/or 

40 g treat ™ 1 ent . if desired, although it may 

40 prove possible in some cases to achieve 
adequate drymg in the clear zone below the 
suspension zone. 

In a particularly preferred form of the 
process of the invention a cushion, into 

45 which the partially solidified droplets fall 
and are cooled further before being re- 
moved, is formed below the suspension of 
drops. By providing the cushion, the height 
of the prilling tower may be yet further 

50 reduced. The cushion may take a number 
of forms. Thus, it may be a fluidised bed 
' of solid particles fluidised either by the gas 
stream which is to carry the drops of vola- 

55 tL u a i enal °* bv a separate gas stream. 

33 jhe bed may be composed of the solidified 
droplets or of some other material, notably 
one with which the solidified droplet is to- 
be coated or impregnated. By controlling 

*n °rl c ? ndltons a °ove tie fluidised bed. the 

60 adhesive properties of the surface of the 
molten droplets may be modified thus con- 
trolling the amount of bed particles picked 
fi? TL,** 5 ^ 0 ^ 16 * durm S its residence in 

65 I?!^ * ,u to "nprove the cooling 

03 effect of the bed. cooling heat exchanger 



surfaces, e.g. coiled pipes, may be immersed 
in tne bed. 

The fluidised bed may be formed from a 
wide range of materials of any suitable size 
e.g. of less than about 200 mesh BSSL 70 
Examples of suitable materials include the 
material being prilled; limestone; sand- 
mica; gypsum; bentonite; montmorfllonite-' 
attapulgite; kieselghur; talc; fertilizer 
materials. such as potassium and 75 
ammonium salts of phosphoric, sulphuric 
or nitnc acids, potassium chloride and 
potassium metaphosphate; magnesium and 
aluminum salts or compounds, such as the 
oxides, nitrate or carbonates thereof and 80 
hydrates thereof; basic slag; phosphate 
rock; cements; clays and earths. Mixtures 
of materials may be used if desired. 

Alternatively, the cushion may be a pool 
TK- a , hq ^ d which the droplets fall. 85 

This liquid may be the same as the volatile 
material in the suspension of drops or may 
be different Thus, the hquid could be a 
mineral oil of the type commonly used to 
coat fertilizer granules or it could be a 90 
solvent material to remove excess volatile 
material picked up by the molten droplets 
as they passed through the suspend™ of 
drops. The liquid may be cooled in order 
to ensure more rapid solidification of the 95 
droplets. 

It is preferred that the cushion lie some 
distance e.g. 1 to 8 metres below the sus- 
pension zone in the tower in order that 
volatile material may be evaporated from 100 
the droplets before they enter the cushion. 

aJTi?™? 1 **^ win now be illustrated in 
the following Examples in which aH parts 
and percentages are by weight: 
Example 1 ^ 

Molten ammonium nitrate at 171 °C was 
prilled down a glass column 4.5 metres high 
and 7.5 cms internal diameter at a rate of 3 
kgs per hour. Air was blown at a rate of 
0.67 metres / sec up the tower through a bed 110 
ot coinmercial fullers' earth of particle size 
fl.„- to J u mic fometres. This formed a 
fluidised bed of particles whose upper sur- 
Ift™ ^Sl 3 - 5 ^low the point 

drnn?^ moiteii ammoai ™ nitrate 115 

£°£ let ?- s Pray of water (mean 

drop size 100 micrometres approximately) 
was introduced at the rate of 8 mis/second 
into the column just above the fluidised bed 

f Lh^7 Stre ^ o£ **• ^ P rod uct was 120 
a spherical pnll, average size 2.5 mms 
which earned 1.1% of fullers' earth. When 
°° water was spayed into the tower, the 

& JTiT P ° OTly ^P^ and carried 
4-2^ of fullers earth. It was necessary 125 
to increase the distance between the point 

«^ afry ? ? e m< ? ten and the top 

surface of the fluidised bed to 5.5 metres 
before an acceptable shaped product was 
obtained, and this stffl carried 4% of the 130 
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fullers' earth. 
Example 2 

Molten sulphur at a temperature of 
120 C C was prilled down a column 4.5 
5 metres high and 7.6 cm internal diameter 
at a rate of 3 kgs/hour. Water was in- 
jected up the column with two pneumatic 
atomising nozzles, placed 2.4 metres from 
the top of the column. The spray nozzles 

10 delivered a total of 0.45 1 /min of water 
and 2.8 1/min of air and produced drops 
of approximately 100 micrometre mean 
diameter. The spray nozzles drew additional 
air at 20 3 C into the column so that the 

15 total air velocity, as measured at the top 
of the column, was about 6.0 metres/ 
second. The mist travelled up the column 
for a distance of 2.0 metres before being 
lead out below the prilling nozzles. The 

20 sulphur droplets fell through the mist and 
then through 2.1 metres of mist free space 
below the mist to give solid prills 1-2 mm 
in diameter at the base of the column. 

25 WHAT WE CLAIM IS: 

L A process for prilling a molten 
material which process comprises causing 
droplets of the molten material to travel 
against a countercurrent flow of drops of a 

30 material which volatilises upon contact with 
the molten material suspended in a gas 
stream which is saturated with respect to 
the volatile material; and collecting the 
resulting solid skinned droplets. 

35 2. A process as claimed in claim 1 where- 
in the droplets of molten material fall down 
a tower. 

3. A process as claimed in either of 
claims 1 or 2 wherein the volatile material 

40 is water. 

4. A process as claimed in any of the 
preceding claims wherein the molten 
material is sulphur. 

5. A process as claimed in any of claims 
45 1 to 4 wherein the molten material is a 

fertilizer material. 

6. A process as claimed in any of the 
preceding claims wherein the suspension of 



drops of volatile material is carried in a 
stream of air. 50 

7. A process as claimed in any of the 
preceding claims wherein from 10 to 30% 
by weight of the molten droplet solidifies 
as it passes through the suspension of drops 

of volatile material. 55 

8. A process as claimed in any of the 
preceding claims wherein the suspension of 
drops of volatile material is carried by a 
gas stream flowing at a linear velocity of 
from 0.1 to 10 metres per second. 60 

9. A process as claimed in any of the 
preceding claims wherein the molten drop- 
lets fail through a zone 0.4 to 2 metres deep 
which is substantially free from drops of 
volatile material, then through a zone 2 to 65 
10 metres deep containing the suspension 

of drops of volatile material and then 
through a zone 1 to 8 metres deep which 
is substantially free from drops of volatile 
material. 70 

10. A process as claimed in any of the 
preceding claims wherein the solidified or 
partially solidified molten droplets fall into 
a recipient cushion. 

11. A process as claimed in any of the 75 
preceding claims wherein the cushion is 
provided by a fluidised bed of particles. 

12. A process as claimed in any of claims 
1 to 10 wherein the cushion is provided by 

a pool of liquid. 80 

13. A process according to claim 1 sub- 
stantially as hereinbefore described 

14. A process according to claim 1 sub- 
stantially as hereinbefore described in the 
Examples. 35 

15. A solid particle whenever produced 
by a process as claimed in any of the pre- 
ceding claims. 

T. I. P. DUMMETT. 
Chartered Patent Agent, 
Agent for the Applicants, 
Fisons Limited, 
Fison House, 
Princes Street, 
Ipswich, 
Suffolk. 
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